The effects of prednisolone were investigated in C57B1/6 mice infected with Strongyloides ratti. In primary infections, the numbers of adult worms in the small intestine and larvae in the stools were increased and there was a slight delay in the spontaneous expulsion of worms. In secondary infections, there was an initial suppression of acquired resistance, with larvae appearing normally in the stools on the 5th day after infection. This was followed, however, by a rapid development of resistance and expulsion of worms over the next few days. Prednisolone treatment did not alter fecundity in primary or secondary infections. There was no evidence of autoinfection in control or corticosteroid-treated animals. Prednisolone abrogated innate resistance to infection in C3H mice. It is concluded that prednisolone probably facilitated infection by non-specific mechanisms as well as by suppressing specific acquired immunity.
INTRODUCTION
The human parasite, Strongyloides stercoralis, is an unusual worm because it has the capacity to autoinfect. It is well known that if host defences are impaired, hyperinfection and generalized dissemination occurs, often with disastrous consequences (Scowden, Schaffner & Stone, 1978) . Unfortunately, S. stercoralis does not reach maturity in small laboratory animals and therefore the related worm, S. ratti, has been used in most experimental investigations.
One of the major drawbacks of this system, however, has been the uncertainty as to whether autoinfection occurs in animals infected with S. ratti. There have only been two reported studies of the effects of immunosuppression with corticosteroids on the course of infection in rodent strongyloidiasis. Moqbel & Denham (1978) suggested that autoinfection may have occurred in immunosuppressed rats infected with 8. ratti. On the other hand, Olson & Schiller (1978) found no evidence of autoinfection by S. ratti in rats treated with cortisone.
We have recently shown that S. ratti will infect certain inbred strains of mice (Dawkins, Grove, Dunsmore & Mitchell, 1980) . We have used this model to ascertain whether autoinfection occurs in mice and to examine the effects of immunosuppression with prednisolone on the kinetics of primary and secondary infections with this parasite. 
MATERIALS AND METHODS
Animals Female C57B1/6 mice, 18-22 g in weight, supplied by the Animal Breeding Unit, University of Western Australia, were used throughout the study. C3H mice and Sprague-Dawley rats (150-200 g in weight) were obtained from the same source.
Strongyloides ratti
An homogonic strain of 8. ratti (originally obtained from Dr P. A. G. Wilson, University of Edinburgh) was maintained by serial passage in rats. Methods for infecting mice percutaneously and quantifying adult worms in the intestines, their fecundity, and the numbers of larvae in the faeces have been described previously (Dawkins et al. 1980; .
Corticosteroid
Prednisolone (Predsol retention enema, Glaxo Australia Pty Ltd, Boronia, Victoria) was administered as a 0-2 ml solution by intra-oesophageal intubation with a blunt-tip 16 gauge needle.
Statistics
Student's £-test was used in all calculations. Faecal larvae in primary infections Twenty mice were infected percutaneously (p.c.) with 500 filariform larvae of S. ratti. Ten mice were given prednisolone in a dose of 1 mg/kg daily, beginning 1 day before infection. The numbers of larvae in the faeces were counted 6, 9 and 13 days after infection (Fig. 1 ). There were greatly increased numbers of faecal larvae 6 and 9 days after infection in mice treated with corticosteroids (P < 0-001). In addition, the spontaneous disappearance of larvae from the faeces that is normally seen in mice with a primary infection was delayed by several days.
The experiment was repeated in another group of mice except that prednisolone was given in a dose of 1 mg/kg twice daily; very similar results were obtained.
Intestinal adults in primary infections
Twenty mice were infected p.c. with 2000 filariform larvae of S. ratti. Ten mice were given prednisolone in a dose of 1 mg/kg daily beginning 1 h before infection. The numbers of adult worms in the intestines were counted 7 days after infection (Table 1 ). There was a significantly greater recovery from animals treated with corticosteroids. In order to determine whether there was a delay in the expulsion of adult worms in corticosteroid-treated mice, 30 mice were infected p.c. with 2000 filariform larvae and half were treated with prednisolone (1 mg/kg) daily beginning 1 h before infection. Adult worm numbers were counted in 8 control mice and 7 prednisolone-treated animals 9 days later; significantly greater numbers (P < 0-02) were found in the immunosuppressed animals (189+ 100 S.D.) compared with the control mice (69 + 89 S.D.). Similarly, although numbers were falling off rapidly, increased worm numbers were seen in prednisolone-treated animals (53 + 61 S.D.) compared with control mice (0) on the 10th day.
Fecundity in primary infections
In addition to quantitating adult worms (all were female) in the experiment described above, the numbers of rhabditiform larvae in the small intestine of each mouse were counted. Fecundity was estimated by dividing the number of rhabditiform larvae in the intestine of each mouse by the number of adult worms in that animal. The mean values for fecundity in control mice and in animals given prednisolone is shown in Table 1 ; no significant differences were found between the two groups of mice.
Effect of prednisolone treatment after the end of a primary infection
In order to determine whether long-term administration of corticosteroid could exacerbate an apparently terminated primary infection, 11 mice were infected p.c. with 500 filariform larvae of S. ratti. Beginning 6 weeks later, 8 mice were given prednisolone (1 mg/kg) daily for the next 30 days. Faeces were examined on days 2,6,9,13,16,22 and 30 days after starting corticosteroid administration. No larvae were ever seen in control or in corticosteroid-treated mice.
Effect of prednisolone treatment during a primary infection
In order to determine whether the long-term administration of corticosteroid begun during a primary infection could induce autoinfection, 10 mice were infected with 500 larvae of S. ratti p.c. Beginning on the day of infection, each mouse was given prednisolone (1 mg/kg) twice daily for 22 days then 1 mg/kg once daily for 30 days. Faeces were examined on days 20, 38, 42, 48 and 52; no larvae were ever seen. On day 52 after infection, the intestines were removed and examined; no larvae or adult worms were seen. 
Faecal larvae in secondary infections
Twenty mice were infected p.c. with 500 filariform larvae of S. ratti and 6 weeks later the daily administration of prednisolone (1 mg/kg) was begun in 10 of these animals. On the following day, the 20 mice plus 10 age-matched control mice, which had not been exposed previously to S. ratti, were infected p.c. with 500 larvae. The numbers of larvae in the faeces were counted 5, 7 and 9 days after infection (Fig.  2) . On day 5, there was no significant difference in faecal larval numbers between mice given a primary infection and corticosteroid-treated mice receiving a secondary infection. There was a marked reduction in faecal larvae in animals with a secondary infection who did not receive prednisolone (P < 0-001). On day 7, however, markedly different results were obtained. Faecal larval numbers in mice with a secondary infection and given corticosteroid were much reduced when compared with animals with a primary infection (P < 0 -001) and did not differ significantly from untreated mice with secondary infections.
The experiment was repeated in another group of mice; very similar results were obtained.
Intestinal adults in secondary infections
Thirty mice were infected p.c. with 600 filariform larvae of S. ratti and 6 weeks later, the daily administration of prednisolone (1 mg/kg) was begun in 15 of these animals. On the following day, the 30 mice plus 15 age-matched control animals which had not been previously exposed to S. ratti were infected with 500 larvae. Five days after infection, 6 mice in each group were killed and the numbers of adult worms in the intestines were counted (Table 2) . Adult worm numbers in the intestines of prednisolone-treated mice with a secondary infection were significantly less (P < 0-02) than in control animals with a primary infection, but were not significantly more than in untreated mice with a secondary infection. Seven days after infection, 8 animals in each group were killed and the numbers of adult worms were counted. The numbers in each group had declined, but a similar trend was evident. Fecundity in secondary infections In addition to quantifying adult worms in the experiment described above, fecundity was estimated as detailed earlier. The results are shown in Table 2 . Five days after infection, there were no significant differences between animals with a secondary infection that were or were not given prednisolone. Fecundity in both of these groups of animals was significantly less than in mice with a primary infection (P < 0-05). Seven days after infection, fecundity was increased in control mice with a primary infection but had fallen to almost zero in prednisolone-treated animals with a secondary infection.
Effect of prednisolone administration during a primary infection on the response to
a secondary infection Twenty-mice were infected p.c. with 500 filariform larvae of S. ratti. Prednisolone (2 mg/kg) was administered daily for 10 days to 10 of these animals, beginning 1 h before infection. Five weeks after this infection, the 20 mice plus 10 age-matched control animals which had not been exposed previously to S. ratti were infected with 500 larvae p.c. Faecal larvae were quantitated 7 days later. There was no significant difference between animals with secondary infections, whether or not they had received corticosteroids during the primary infection, there being 80+120 (S.D.) and 110+ 150 (S.D.) larvae/g faeces, respectively. Both of these groups had considerably less worms (P < 0-001) than the 5900 + 5300 larvae/g faeces seen in mice with a primary infection.
Effect of prednisolone on innate immunity
Eight C57B1/6 mice and 16 C3H mice were infected p.c. with 500 filariform larvae of S. ratti. Eight of the C3H mice were given prednisolone (1 mg/kg) daily, beginning 1 day before infection. Faecal larvae were quantitated on the 7th day (Table 3) . Larval numbers in untreated C3H mice were significantly less than in untreated C57B1/6 animals (P < 0-005). The administration of prednisolone abrogated this partial non-specific resistance; larvae in C3H mice given prednisolone were significantly greater than in untreated C3H mice (P < 00025), but not significantly different from the numbers seen in C57B1/6 mice.
DISCUSSION
The administration of corticosteroid to mice appeared to influence both nonspecific resistance to infection with S. ratti and specific acquired resistance to re-infection. In primary infections, the excretion of larvae in the faeces of prednisolone-treated animals was increased in both quantity and duration. Further investigation revealed that this was not due to increased fecundity of adult female worms, but reflected increased numbers of adults in the gut and a slight delay in their expulsion.
These findings are rather different from previously reported observations in rats. Olson & Schiller (1978) found no differences between immunosuppressed and normal rats in either the quantity of faecal larvae excreted or in adult worm numbers, but did observe a delay in expulsion of adult worms from the small intestine, Moqbel & Denham (1978) actually found a reduction in adult worm numbers in immunosuppressed rats. This observation is difficult to explain but may have been due to a direct toxic effect of corticosteroids on the worms; we used prednisolone in a dose of 1 mg/kg which approximates to that used to achieve marked immunosuppression in human medicine, whereas those authors used betamethasone in a dosage equivalent to 100 times this amount.
The mechanism by which prednisolone increased the intestinal worm burden is uncertain. The number of adults found in the small intestine is a function of the ability of larvae to penetrate the skin, migrate via the bloodstream and lungs to the gut, and then reach maturity. It is unlikely that immunological responses influence these events in primary infections as they occur within the space of only 4 or 5 days . It seems probable that prednisolone somehow enhances the migration and maturation of worms by non-immunological means. This hypothesis is supported by the demonstration that prednisolone was able to permit infection in an inbred strain of mouse which was innately resistant to infection with 8. ratti.
There was no evidence that autoinfection occurred in mice infected with 8. ratti. Larvae disappeared from the faeces in normal mice by 10-14 days after infection and were never seen after that period. Similarly, larvae disappeared spontaneously from the faeces of immunosuppressed animals and were not seen thereafter. Furthermore, the administration of prednisolone for 30 days after the apparent termination of a primary infection failed to light up an occult infection. These results are consistent with those of Olson & Schiller (1978) who found no evidence of autoinfection. Moqbel & Denham (1978) did not observe autoinfection when corticosteroid treatment was begun early during an infection, but they thought it did occur if treatment was commenced while worms were being expelled. It seems probable that autoinfection does not generally occur in rodent strongyloidiasis; this represents a major defect in this system as a model of the human infection.
The administration of corticosteroid during a secondary infection with S. ratti gave unexpected results. On day 5, the first day during which larvae appeared in significant numbers in the faeces, there was no difference between prednisolonetreated mice with a secondary infection and control animals with a primary infection, whereas the numbers were greatly diminished in untreated mice receiving a secondary infection. This was followed by a rise in faecal larvae in control animals with a primary infection, but a rapid decline in numbers in immunosuppressed mice with a secondary infection. A more detailed analysis confirmed this finding and revealed that 5 days after infection, adult worm numbers in prednisolone-treated mice were intermediate between those seen in untreated control animals with; primary or secondary infections. This was followed, however, by a rapid elimination i of adult worms from the gut of prednisolone-treated mice with a secondaryinfection.
Primary infections of mice induce marked resistance to re-infection. This is probably a specific, immunologically mediated response which results in destruction of migrating larvae by inflammatory cells in the lungs Dawkins, Muir & Grove, 1981) . It is possible that this immunologically dependent resistance was damped by corticosteroid treatment, thus allowing larvae to reach the gut and mature. In the intestines, however, non-specific expulsive mechanisms may also be operative. A hostile environment produced by non-immunologically mediated intestinal mucosal inflammation has been postulated in a number of intestinal parasitic infections including giardiasis (Roberts-Thomson, Grove, Stevens & Warren, 1976) and trichinosis (Castro, 1976; Grove, Hamburger & Warren, 1977) . Whereas prednisolone may be able to suppress immunological expulsive reactions, it may not have been able to prevent inflammation and expulsion resulting from mechanical, chemical or enzymatic stimulation. Wakelin & Selby (1974) have shown that, under certain conditions, immunosuppression induced by the administration of cortisone acetate induced tolerance to a challenge infection with Trichuris muris. Moqbel & Denham (1978) then showed that treatment throughout a primary infection of rats with S. ratti prevented the development of an immune response which expelled or killed a challenge infection. Consequently, we assessed the effect of corticosteroid administration during a primary infection on the response to a challenge infection; we did not observe any tolerance.
In conclusion, this study has failed to demonstrate autoinfection in C57B1/6 mice infected with S. ratti. We have shown, however, that immunosuppression with prednisolone enhanced a primary infection, permitted infection in innately resistant mice and produced complex effects when administered during a challenge infection.
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